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PART I.
(1) INTRODUCTION. OUR knowledge of gynecological pathology is extensive, but there is much need for research in regard to the physiological changes which occur in connexion with reproduction in the female. From investigations of the phenomena which take place as a response to ovarian secretion we have been led to the belief that the ovary is not an organ with the single role of reproduction, but is an essential factor in the maintenance of the equilibrium which exists between the so-called ductless glands or endo-secretory organs. Researches into ovarian function now tend to show that the removal of ovaries for slight pathological affections, or for the alleviation of menstrual derangements, is against the best ultimate interests of the patient, and that total extirpation of the ovaries should not be practised unless these organs are the seat of some severe pathological lesion. That the ovary has a marked physiological effect upon the organism as a whole is evidenced by the skeletal and pelvic changes which take place at sexual maturity in the normal at SAGE Publications on June 21, 2016 jrs.sagepub.com Downloaded from individual. The psychological and secondary sexual characters are only manifest when the ovary becomes invested with functional activity. The changes in the ovary are indicated by the onset of menstruation. Again, the effects of withdrawal of ovarian secretion are to be observed at the menopause, whether occurring naturally or artificially produced. The changes in the organism are found to take place in relation to the nervous system and general metabolism. Further justification for the classification of the ovarv as a ductless gland is to be found in experiments wherein the ovary has been removed and successfully implanted in a site where it is independent of its nervous attachments. The outlet for the secretion in the implanted ovarian tissue can only be the bloodor lymph-stream. What the nature of this ovarian secretion is has not been discovered, and no specific substance has been isolated. That the ovary has a dual function or secretion is most probable, when an analogy is made with the other ductless glands. But whether these two-secretions act in combination with or are antagonistic to one another is still a mystery, and further work is necessary in order to throw light upon the chernical nature of ovarian secretion.
(2) CONSTITUENTS OF THE OVARY.
In a paper published in 1910 I endeavoured to show that in mammals all the epithelial elements of the ovary have a common origin in the oogonia or primitive germ cells. From the oogonia are derived the Gra*fian follicles with their oocytes and follicle cells, and also the interstitial cells scattered throughout the stroma of the ovary. The so-called connective tissue or stroma is merely structural and vascular in its function, as has been found in other ductless glands, and takes no part in the elaboration of an internal secretion. It follows, therefore, that all the cells of the ovary employed in the elaboration of an internal secretion have a common origin. The problem awaiting solution is, which part of the ovary is most concerned in the production of an internal secretion ? Do the follicles and interstitial.cells combine and take part in the maintenance of the nutrition of the uterus and other reproductive organs, or do they act separately or even antagonistically to each other? We have also to consider the further development of the follicles into corpora lutea and the chemical action of the latter upon the organism as a whole. In the ovary, unlike other glands such as the adrenals, there is no sharp demarcation between the cortical and medullary portions. During the process of follicular development there is a continual passage of cells from the centre towards the periphery, although on the whole follicles are much more numerous in the cortex than in any other portion of the organ. The follicles in the human ovary are found to be numerous even before birth, and the conclusion to be drawn from this is that there must be some element other than the mere presence of follicles to account for the incidence of ovarian activity at puberty. The changes observed in the ovary at puberty are the production of corpora lutea, which are closely associated with the phenomena of menstruation or pro-oestrum, as well as with pregnancy.
The cor.pus luteum is formed, according to Heape, by the ingrowth of cells surrounding the follicles, together with follicular epithelium. Although many authors (Clark, Wendeler) still adhere to the stroma origin of the lutein cells, it is now generally accepted that these cells are derived from cells which have a common origin in the oogonia. Sobotta, after the examination of ovaries at known stages of corpus luteum development, states that the lutein cells are the hypertrophied epithelial cells of the undischarged follicle, the stroma forming merely an intercellular supporting network. This view has been confirmed in the main by Marshall upon sheep, and Cohn upon rabbits. The granulosa cells become enlarged after the rupture of the follicle and extrusion of the o6cyte, and are said to be cast off into the cavity of the corpus luteum. This body is much more conspicuous after fertilization has taken place, forming a true corpus luteum of pregnancy as compared with the false corpus luteum of oestrus or post-menstruation. The corpus luteum is supposed by some to preserve the cortical circulation of the ovary, and to prevent the formation of excessive scar tissue, but it is much more probable that the interstitial cells have most influence in the preservation of ovarian tissue nutrition. Bouin and Ancel found the yellow pigment in the lutein cells to be of the nature of a lipoid.
The interstitial cells are distinguished from the stroma cells by their larger size and more oval nuclei. That they take part in the formation of ovarian secretion is shown by their increase in size during pregnancy in the rabbit (Lane-Claypon). They increase in size during the breeding season in rabbits, and are decreased during the ancestrous period, or in isolation from the males (Regaud and Dubreuil). Interstitial cells in the testes have been found to have a common origin with the sperm cells (Gemmill). Whether the interstitial cells act in conjunction with or are antagonistic to the follicle and corpus luteum cells is unknown. It is probable that they modify the growth of the organism and give rise to an internal secretion. This ovarian secretion is called by Heape " gonadin." Menstruation and Ovulation. Ovarian activity is evidenced in the human female by the onset of menstruation, and by the pro-oestrum in the lower manmmals, and is the sign of sexual maturity. The changes which occur in the uterus during the reproductive life of the individual are cyclic in character. There is a resting or anoestrous period which is followed by congestion of the pelvic organs, accompanied by the haemorrhagic discharge known as pro-oestrum or menstruation. CEstrus takes place subsequently, and marks the period when fertilization is most likely to take place. The period of recurrence of these cyclic changes varies according to the species of animal. They are influenced by seasonal and nutritional changes, and as a rule do not occur during pregnancy. In the menstrual or pro-cestrous period there is a thickening of the uterine and tubal mucosa, with increased secretion of mucus. Haemorrhagic discharge occurs in most mammals. During the post-menstrual period or cestrus there is a proliferation of the cells of the uterine mucosa, and it is said that an exfoliation occurs. If fertilization does not take place the pelvic organs gradually return to their original condition of physiological quiescence. This haemorrhagic discharge differs from ordinary systemic blood in its non-coagulable properties, but it has not been definitely proved as yet what substance causes this property; whether due to the presence of a hormone or excreted ferment is still unknown. That menstruation and pro-oestrum depend upon ovarian secretion is proved by the cessation of this phenomenon at the menopause, or on removal of both ovaries, and by its continuance or recurrence when the ovaries are transplanted elsewhere. Marshall and Jolly experimented with injections of ovarian extracts and grafted ovaries from oestrous dogs into others in the ancestrous state, and found that transient signs of heat occurred. Clinically it is frequently found that ovarian tumours, by their destruction of the normal tissue of the ovary, cause amenorrhcea. During pro-cestrum certain follicles of the ovary mature and the ova are extruded, but there is no direct evidence as to when ovulation takes place in the human female. In some rodents ovulation takes place during or just after oestrus, spontaneously or at the time of coitus. Heape, Regaud and Dubreuil maintain that in the rabbit there is no ovulation without coitus. Frank states that as the result of experimental removal of the uterus several days after parturition in isolated rats and guinea-pigs spontaneous ovulation does occur, as evidenced by the presence of deciduomata in the uterus and corpora lutea in the ovary. Bouin and Ancel are of opinion that in certain species of mammals ovulation takes place after coitus. Loeb, in a series of experiments upon guinea-pigs, found that ovulation occurred spontaneously. The theory that the presence of a corpus luteum exercises an inhibitory effect upon subsequent ovulation receives support from the fact that ovulation as a rule does not occur during pregnancy, although cases of superfoetation have occurred in the human female and in rodents. Additional evidence for the theory is to be found in the practice common among breeders of cattle, namely, the manual expression of persistent corpora lutea by means of fingers introduced into the rectum in the case of cows which have failed to come into season. This manipulative process is usually followed by the onset of " heat," showing that ovulation has occurred.
Although ovulation probably occurs at the beginning of the oestrus period there is no doubt that the changes which take place in the follicle and which cause its transformation into a corpus luteum begin at a period prior to the onset of the congestive condition of the uterus. These changes are doubtless due to some chemical substance secreted by the ovary, seeing that they stop immediately on removal of both ovaries during the pro-cestrum in animals. The absence of ovulation due to the persistence of a corpus luteum in the human female may explain cases of sterility which are successfully treated by the removal of a portion or whole of one ovary. In one case which came under my care for primary sterility, and in which both ovaries were slightly enlarged, one ovary was removed, and the patient became pregnant within a few months of operation. This ovarv on histological examination showed small cystic dilatation of some of the follicles but no marked pathological lesion was found. In cases of small haemorrhagic cysts of the ovary-a condition analogous to a corpus luteum exaggeration-it is often observed that menstruation is irregular, with more or less prolonged periods of amenorrhoea. Manipulation of the ovaries by bimanual examination, or at time of operations upon the pelvic organs, is sometimes followed by uterine haemorrhages a few days later, almost simulating a menstrual period in some cases. It is just possible that an explanation of such a condition may be found in the rupture of a follicle and the secretion of an ovarian substance into the bloodstream bringing about a congestion of the uterus. Ovulation may occur independently of menstruation, as is shown by cases of pregnancy occurring in women who have never menstruated, and cyclic menstrual molimina in cases of normal ovaries with rudimentary uterus. EJject of Ovary upon Pregnancy.
The ovary, as a rule, is quiescent during pregnancy as far as cyclic changes are concerned, although histological evidence points to the fact that there is considerable physiological activity present in the corpus luteum and interstitial cells, both tissues showing enlargelment of their cells. Fraenkel's experiments on removal of corpora lutea in pregnant rabbits followed by abortion prove that the corpus luteum has a trophic influence upon the nutrition of the ovum, in the early stages of pregnancy at least. Marshall and Jolly found similar results in dogs and rats. Loeb removed the corpora lutea in the latter part of pregnancy and found that they were regenerated. That the foetal tissues have an inhibitory effect upon the ovary has not been satisfactorily proved. Frank placed emulsions of foetal tissues in the abdominal cavity of rodents, and in others administered injections of foetal tissue extracts, without any effect upon the ovaries. Loeb carried out a series of experiients upon recently fertilized rabbits and guinea-pigs by mechainical irritation of the endometrium and produced decidual nodules in the uterus. If the corpora lutea were removed or cauterized prior to the experiment no decidual reaction occurred, which showed the influence of the corpus luteum on decidual formation. Clinically, there is a marked correlation between the corpus luteum and decidual tissue in cases of syncytioma in which lutein cysts are frequently found in the ovary. It is supposed that the corpus luteum itself acts as a ductless gland, producing a specific internal secretion, which influences metabolism and maintains the nutrition of the ovum in the uterus. If fertilization does not take place the corpus luteum degenerates and a scar remains. In cases of repeated abortion in which other causes can be excluded, it mnay be supposed that there is some ovarian insufficiency. Why is it that premature expulsion of the ovum is so much more frequent in the early months of pregnancy before full placental development has taken place ? May not there be some suppression of the nutritional or trophic influence of the corpus luteum ? The investigation of such cases should prove of physiological interest. It has been found impossible to produce abortion by the application of X-rays (Kelen), and as these rays cause atrophy of the Graafian follicles it may point to the interstitial cells as having a trophic influence upon the ovum.
Lactation.
Foges found that the mammary gland remained infantile if castration was performed before puberty. Ribbert found secretion of milk during pregnancy in 'a transplanted mammary gland, showing that its vascular or nervous connexions were not necessary for its function. At puberty the mammae enlarge, and they become atrophic after the menopause has taken place. Swelling of the mammae, with sometimes painful sensations, are observed during menstruation. That milk production is not solely due to pregnancy-to a hormone secreted by the foetal tissues (Lane-Claypon and Starling)-is proved byeases of virgin animals suckling young animals (Marshall), and by the fact that in the human individual lactation has been induced in children and in males. Watson has shown in rats that the corpus luteum in pregnancy persists during lactation. That lactation is independent of ovarian influence in some cases is shown by Maniger, who records a case of lactation after full-term pregnancy in a woman who had been the subject of double oophorectomy. The causation of lactation is still unknown, but it is probable that the ovary is the dominating organ in its production, together with the other ductless glands.
(3) EFFECT OF SUPPRESSION OF OVARIAN SECRETION BEFORE ANI) AFTER SEXUAL MATURITY.
Before Sexual Maturity.
Although no definite records can be found in the literature of the effects of oophorectomy in children before puberty, it is generally assumel that this operation prevents the onset of puberty and the occurrence of menstruation. Marshall suggests that the female would take on the male type of character were it not that the ovary inhibits the development of the secondary male characters which are normally latent in the female. Biedl discusses this question of the effects of castration before puberty. In the male it causes increase in the long bones, and it is probable that similar results are to be found in the female. It is somewhat difficult to explain the development of external female characters such as mammm in those cases of pseudo-hermaphroditism where testes are present with an infantile uterus. In animals numerous experiments show that there is an arrest of development of the uterus with subsequent atrophy. The external genitals and mammem remain undeveloped. Tumours of the ovary in children sometimes cause precocious sex development, but this may be due to some increase in the secretion from the adrenal cortex.
at SAGE Publications on June 21, 2016 jrs.sagepub.com Downloaded from After Sexual Maturity.
The results are less marked than before puberty. In the humnaan female the secondary female characters are already acquired, so that the chief changes are cessation of menstruation, with atrophy of the other reproductive organs. Most authors agree as to the onset of uterine atrophy, but differ as to its cause. Some assert that it is due to the cutting off of the blood supply or nerves by the operation itself (Hofmier, Sokoloff, quoted by Marshall, p. 316). Numerous experiments upon the effect of oophorectomy on the uterus have been published. Carmichael and Marshall found that in rodents the uterus and tubes showed fibrous degenerative changes, the glands diminishing in proportion to the time the animals were kept after removal. The bloodvessels in the uterus were small and few in number. Hospital experience shows that comiiplete removal of both ovaries is followed by cessation of menstruation and subsequent fibrosis and atrophy of the uterus-in fact, a series of events similar to those occurring naturally after the menopause. Menstruation continues if only a portion of the ovary is left behind. There is no experimental evidence that menstruation persists after total extirpation of both ovaries, and those cases in which menstruation is said to have continued after operation are in all probability to be explained by the presence of a small portion of ovarian tissue which has been left behind, or of an adventitious ovarian "rest " in the region of the broad ligament or adrenal glands. Removal of one ovary has little or no physiological effect, as the remaining ovary takes on the function of both, and in some cases becomes hypertrophied. Bond found that in rabbits compensatory hypertrophy took place after coitus and during pregnancy, and concludes that the bilateral ovaries function as one gland in ovulation and internal secretion. Carmichael and Marshall found that hypertrophy occurred independently of ovulation or pregnancy. If one ovary is rem-oved during early pregnancy abortion does not necessarily occur. Transplantation.
The successful results of ovarian grafting are now so well recognized that it is hardly necessary to mention them at any length. The ovary takes on functional activity when transplanted to other situations.
That it may continue to produce ova is proved by cases of pregnancy occurring in animals and in the human female (Morris). Marshall and Jolly prevented atrophy of the uterus after odphorectomy by grafting ovarian tissue. Kuauer, in rabbits, found that ova were produced and became fertilized. Halban, in young pigs previously castrated, found that ovarian grafts caused uterine and mammary development. In monkeys menstruation ceases after oophorectomy, but it has been known to recur after ovarian grafting. Most authors lay stress upon the development of the follicles as the essential factor in the promotion of ovarian activity. Limon found degeneration of the follicles, but that persistence of the interstitial cells prevented uterine atrophy. Schultz grafted ovaries into male animals and found growth of ovarian tissue with follicles. Steinach records some interesting experiments where ovaries were grafted subcutaneously in young male guinea-pigs previously castrated, these animals developing female characters, such as enlargement of the mamma, and changes in the skeletal structures. These results show that the secretions from the male and, female gonads are not identical, but are specific in their action. Sex characters developed in animals where the testes were grafted, even when the seminal tubules had disappeared, but with persistence of the interstitial cells. It has been found that grafted ovaries are more successful when transplanted on to animals which have been previously castrated. Carmichael found no evidence that grafts prevented uterine atrophy. Grafts succeed best when implanted into vascular organs, such as the kidney or spleen, although in the human female they are generally applied to the peritoneum of the uterus or abdominal wall. Autoplastic grafts are more successful than those from other animals (heteroplastic).
Successful grafts from animals of different species are not recorded. Degeneration in ovarian grafts is observed to take place first in the follicles; sometimes they become cystic. Degeneration may take place later in ovarian tissue. Nattrass found that follicular formation did not take place to the same extent as in normal ovaries. CEstrus occurred in animals where the ovaries had been grafted. Guthrie's experiments on fowls are of interest as showing the influence of the grafted gonads upon the offspring. Tuffier gives his clinical experience of ovarian grafting in 130 cases. He found that the grafts were of most value in the prevention of the onset of menopausal symptoms when the uterus was left, and he argues from this that the ovary is a link in the chain between the uterus and a toxin in the blood causing ovulation, and that elimination takes place by means of the uterine mucosa. Menopausal symptoms were more pronounced if the uterus was removed with the ovaries. In the subsequent discussion on his communication the opinion was expressed that ovarian grafts were of little value unless a portion at least of the uterus was left behind. Further investigation is required as to a comparison between the onset and degree of postoperative menopausal symptoms in cases where the ovaries are alone removed and in those where o6phorectomy with total extirpation of the uterus has been performed. It is questionable whether the total removal of uterus and appendages, as practised by modern surgeons, has not its disadvantages. The operator in his zeal as a pathologist should also remember the physiological importance of the organs removed, and should weigh carefully the exact amount of risk there is to the patient in leaving behind some portion of the uterus or ovaries.
Ovarian Extracts.
Treatment with glandular extracts has been practised with much success in connexion with the thyroid, adrenal and pituitary glands, and it seems surprising that so little advance has been made in the case of ovarian extracts, seeing that the ovary has such a powerful influence upon the body as a whole. The records of the results of treatment are so contradictory that no reliable data can be found to prove its efficiency in gynaecological affections. Numerous experiments on feeding with ovarian extracts and subcutaneous injections have been made and positive results such as resemble the normal effects of the active ovary have been obtained. Ovarian extracts from an cestrous animal injected into an ancestrous one gave transient signs of "heat" (Marshall and Jolly). Extracts from quiescent ovaries gave negative results. Krusen found the best results in the treatment of surgical menopausal symptoms. Morley's results were best when he used extract of the corpus luteum. Experiments by Bell and Hick showed that with fresh extract of sheeps' ovaries no contractions took place in the resting uterus, whilst tetanic spasms occurred in a menstruating uterus, and increased contractions in a pregnant uterus. Delle Chiaje caused fatty degeneration of dogs' ovaries by injecting serum from castrated female dogs, but he obtained similar results when he removed one ovary before taking the serum, thus showing that other factors have to be taken into consideration in his experiments. Fraenkel states that the corpus luteum is the only part of the ovary of any value in the preparation of extracts. Statements have been made that the uterine secretion has an influence upon the nutrition of the animal and upon the ovaries. Bond found that in rabbits, removal of the uterus caused hypertrophy and overgrowth of lutein tissue in the ovary, and that retention of uterine secretion prolonged cestrus and caused its more frequent recurrence. The retained fluid also interfered with the embedding of the ovum. He asserts that this fluid is prejudicial to the health and nutrition of the animal. He holds the theory that the ovary elaborates only one internal secretion, and that this secretion has an anabolic influence upon the uterus, and at recurrent intervals increases in amount and produces cestrus. Retained uterine secretion is antagonistic to ovarian secretion in the ancestrous state. This theory is not supported by other observers, nor is there any evidence that retained uterine secretion is injurious to the general nutrition. In one case of haematocolpos under my care pregnancy followed within a few months after the operation for the fluid. Blair Bell states that menstruation is due to uterine secretion and the menopause to the withdrawal of this secretion. He mentions cases where menstruation occurred after oophorectomy. Carmichael and Marshall found normal ovarian development after hysterectomy in young rodents, and no degeneration in adult animals. Atrophy of the ovaries after hysterectomy was found by Mandl and Burger, and also by Zweifel. In such cases it is probable that the vascular supply of the ovaries was interfered with at the time of operation. Dickinson states that four-fifths of his clinical cases of hysterectomy without oophorectonly were free from menopausal symptoms. Sellheim found no change in the ovaries after hysterectomy. The metabolic changes which take place and which are directly influenced by the chemical action of ovarian secretion are to a great extent still unknown. Experiments have been recorded showing an alteration in the metabolism after castration, but the results are very contradictory, and in many cases the experiments are incomplete.
Much further work is necessary before any accurate conclusions can be drawn. The chief means of estimating metabolic changes due to ovarian secretion are its effects upon the growth and general nutrition at SAGE Publications on June 21, 2016 jrs.sagepub.com Downloaded from of the animal, the respiratory interchanges, deposit of fat, and the output of N, Ca and P205. It is supposed that in the human female obesity follows oophorectomy or the menopause. Oophorectomy is said to have a beneficial effect upon osteomalacia by diminishing the Ca and P2v05 output, but this is a matter of doubt. Most of our information upon metabolism is derived from observations upon animals. After castration of young rodents no change takes place in their growth and general nutrition (Carmichael and Marshall) . The fact that animals become fatter after castration is made use of by agriculturists in the rearing of cattle and fowls. It is questionable whether the fat deposit is due to a diminished oxidation energy of the tissue cells or to diminished energy on the part of the animal. Von Noorden tabulates records of workers upon gaseous interchanges, the majority of which show a diminution in castrated animals which were found to be less active than the controls. Luthje, Loewy, and Richter found increased gaseous interchanges on feeding a female dog with ovarian substance; they diminished on withdrawal of the gland administration. Von Noorden found no change in nitrogen metabolism after castration, and the resuilts of other workers are contradictory. Schrader found retention of nitrogen immediately before and during menstruation. Curatulo and Tarulli found retention of earthy phosphates after castration, whilst after administration of ovarian extract the excretion was increased. Neumann found slight loss of P205 and Ca as increased excretion in the faeces after feeding with ovarian substance. McCrudden found that castration does not cause a retention of mineral salts.
So much attention is being paid to the calcium metabolism in connexion with thyroid and parathyroid glands that it has been suggested that the ovary also plays an important part in the calcium absorption and excretion. According to von Noorden, calcium is usually found in combination with phosphoric or carbonic acids, and the greater amount of the calcium intake is excreted by the intestine. A certain amount passes into the urine. The greatest absorption occurs in the upper intestinal tract, and the amount of this absorption depends upon the acid reaction of the intestine. The greater part is eliminated by the intestine, either because a certain proportion has not been absorbed, or after absorption and circulation in the tissues it passes into the intestine again. Von Noorden states that calcium salts injected subcutaneously or intravenously pass out quickly and almost entirely by the large intestine. The intestine is therefore the primary channel for excretion of calcium, the kidneys falling into second place. The greater the amount of acid constituents present in the food, or produced in the body, the greater the amount of calcium found in the urine. With increased acidity of urine its power to dissolve calcium is also increased. In experiments careful analyses must be made of the food given. Vegetables have a higher calcium content than flesh foods. Experimental records must also show the examination of the fieces as well as the urine. Blair Bell has found increased calcium in the blood during menstruation, and he has found a higher calcium index in menstrual and haematocolpos fluid than in systemic blood. It is probable that there is some relationship between calcium metabolism and ovarian function, but it is difficult to estimate the influence of the thyroid and other ductless glands apart from the ovary. Since the rate of calcium absorption may be dependent upon acid conditions, it is possible that the ovary is responsible for the production of an acid ferment which is poured into the circulation during the pro-cestrum or menstrual period, causing a greater assimilation of calcium by the blood, and its consequent increased elimination by means of the uterus, intestine and kidneys. The high calcium index therefore may be valuable as indicative of the presence of this ferment.
(7) CORRELATION OF OVARY WITH OTHER DUCTLESS GLANDS.
That there is a close relationship between the ovary and other ductless glands is recognized, but what the nature of this is remains unknown. The difficulty in estimating the physiological function of the ovary lies in the elimination of the influence of other glands. How far do these glands act in the production of symptoms hitherto thought to be peculiar to the reproductive organs ? In pathological conditions of the thyroid, pituitary and adrenals there are menstrual derangements showing a close connexion between all those glands in the maintenance of the normal equilibrium of the body. Glynn shows that the adrenal cortex is concerned with growth of the sex characters. Neoplasms of the cortex in children are associated with a diminution of the secondary sex characters in females, and a development of the male characters, together with precocious growth of the sex organs and body generally. In female children there is a growth of hair on the face, the mammae are small, and menstruation is absent. Swale Vincent thinks the adrenal cortex generates a hormone which has a special influence upon growth and nutrition, and especially upon the reproductive organs. The adrenals are said to be enlarged during pregnancy and during the breeding season and after castration (Stilling, Guieysse) , and small in defective sex development. Precocious sex development is found in tumours of the adrenal cortex in the male. Kolmer examined fifty guinea-pigs at different periods of sexual activity, and found increased size of the adrenal cortical cells during pregnancy, having the appearance of lutein cells. He states that in guinea-pigs the adrenals possess a secondary sexual character. It is most probable that the adrenal cortex and the gonads have a close relyptionship, seeing how intimate is their origin. Adrenalin has been given with success in cases of amenorrhoea and in osteomalacia. Noel Paton, experimenting upon young guineapigs, found that the thymus persisted after castration. Henderson showed that in castrated animals the thymus was hypertrophied; the function of the thymus ceases at puberty when the reproductive organs become active. The thyroid is enlarged during pregnancy and menstruation, and goitres are found to be enlarged during these periods, and are most common in women during active reproductive life. In cases of ovarian cytomata under treatment in Professor Munro Kerr's clinic, thyroid enlargement has been frequently observed. In one case under my observation the patient developed a marked goitre after removal of both ovaries for salpingo-odphoritis. Thyroid extract is of benefit in the treatment of menopausal symptoms and in amenorrhoeal derangements associated with mental conditions. The thyroid and parathyroid glands are closely associated with calcium metabolism. The pituitary gland is said to be enlarged during pregnancy and also after castration. In acromegaly there is a disturbance of menstrual function, associated with amenorrhcea, and with uterine and ovarian atrophy. Mackenzie found that infundibular extract caused increased mammary secretion. Obesity is said to follow removal of the pituitary. Osteomalacia has been treated with some degree of success with pituitary extract.
PART II. DETAILS OF EXPERIMENTAL RESEARCH.' The researches embodied in this communication have been undertaken with a view to find out the influence of ovarian secretion apart from reproduction, and to ascertain the physiological function of the different constituents of the ovary by means of transplantation administration of ovarian extracts and metabolism experiments. Experiments upon the influence of uterine secretion were also ' The expenses of the research were defrayed by a grant from the Royal Society.
undertaken. Owing to the enormous subject involved, experiments as to the effect of the ovary upon cestrus and ovulation were excluded, and have been reserved for a future detailed research. The experimental work was carried out in the Physiological Research Department of Glasgow University, and I accord grateful thanks to Professor Noel Paton for his unfailing kindness, valuable advice and criticism, and for the facilities he has given me, without which this work could never have been undertaken. I also acknowledge the kindness of Professor Teacher for perluission to carry out the histological investigations in the Pathological Institute of the Royal Infirmary. Photograph of table for pelvic operations on animals, a modification of the Trendelenburg position. The animal's hind legs are secured to the rests, and the intestine falls away from the field of operation in abdominal operations. About 2 ft. in length and can be placed on an ordinary laboratory bench.
The majority of the experiments were performed upon rabbits, guinea-pigs, and rats. For metabolism work the dog was found to be most suitable. Several experiments were carried out upon monkeys, but for other than histological results these animals were found of little value. By the use of a specially designed' operating table (fig. 1 ) I was enabled to carry out the operations without assistance other than for ether anesthesia. The animal was placed on this table and its hind linmbs secured to the two leg-rests. It was found that in operations upon the pelvic organs the intestine was completely away from the field of operation. In operations upon pregnant animals there is very little exposure of the uterus or lowering of temperature, as in operations in the horizontal position. The skin of the animal was cleansed with soap, water and lysol, and shaving was not performed. No afterdressing was applied, with the exception of a strip of wool soaked in collodion. Silk sutures were used except when transplanting ovaries, when catgut was employed. In most cases a central abdominal incision was made, but in guinea-pigs two posterior or lumbar incisions were made. The animals were healthy during the experiments and were kept in isolated cages.
Experiments.-Series I.
To find effect of removal of both ovaries upon the nutrition of the uterus, external genitals, and mamme, the degree and rate of atrophy, and the deposit of fat. Conclusions from Experiments.-The rabbits showed an enormous deposit of fat; this was not evident in the monkey. Pro-cestrum was not observed in the latter animal subsequent to operation, nor was there any diminution of energy as compared with a control. Abortion followed operation even in later stages of pregnancy. This cannot have been due solely to operative manipulation, as in expeximents where the ovaries were not removed abortion did not occur. Uterine function and nutrition are dependent upon ovarian influence. Atrophy of muscular tissue takes place, then diminution in the size and number of the glands. The uterus of the monkey was found to be just exactly onethird the size it was at operation. There is a considerable amount of fibrous tissue present, and the epithelium of the uterus is persistent. The vessels are diminished, but do not show marked atheromatous changes. The mamme were atrophied, and in the monkey the external genitals were small.
Series II.
To find effect of removal of uterus and Fallopian tubes upon the ovaries and general nutrition of the animal. Corpora lutea in grafted ovary, showing hyaline degeneration of lutein cells and leucocyte infiltration at periphery. The interstitial cells were normal. To left is a portion of uterus; no atrophy is present. Experiment 1, Series V. (x 6.) Series III. The animals were well nourished and healthy.
Conclusions.-IRetained uterine secretion has no inhibitory effect upon the development of follicles and nutrition of the interstitial cells of the ovary. Corpora lutea are present. The atrophy of the uterine wall at the site of distension is due to the pressure from the retained fluid and not to its influence, as the other portion of the uterus is found to be normal. There is no compensatory hypertrophy in the uterine wall.
Retained uterine secretion has no effect upon nutrition, and there is no evidence of its antagonistic influence in animals in the anoestrous state.
Series IV. To find effect of removal of one ovary in causing compensatory hypertrophy of the other ovary without oestrus or pregnancy, and to find effect of retained uterine secretion upon the occurrence of this hypertrophy. To find effect of retained uterine secretion after removal of both ovaries in counteracting atrophy of the uterus. of pregnancy or cestrus, and in the presence of retained uterine secretion. Uterine secretion has no inhibitory effect upon the growth of the ovary, and does not counteract the atrophy of the uterus after removal of both ovaries. Series V. To find effect of transplantation of the ovaries upon the uterus and mammee, and with special reference to the influence of the interstitial cells as contrasted with the follicles (see Table V , p. 366).
Conclusions.-Ovarian grafts are not permanent but ultimately degenerate, and the rate of degeneration varies with the site where imnplantation has taken place; the more vascular the site the longer the persistence of the graft. Degeneration takes place first in the corpora lutea, and is evidenced by hyaline changes in the lutein cells and infiltration by leucocytes; -the follicles show cystic degeneration. The interstitial cells persist longest, and control the nutrition of the uterus, as atrophy takes place when these cells are not present, and no atrophy when these are seen without any trace of follicles.
An investigation was made upon the ovary removed from a dog in pro-oestrum and it was found that the interstitial cells were much enlarged and in the neighbourhood of the corpus luteum contained yellow lipoid substance like the lutein cells themselves (figs. 12 and 13).
After removal of both ovaries the discharge from the uterus ceased. A series of experiments are being carried out upon the effect of corpus luteum on blood-pressure, and although the results are incomplete, it has been found that extract of corpus luteum had a marked effect in the causation of a rise of blood-pressure. Extracts from quiescent ovaries had practically no effect, thus showing that the corpus luteum contains the most active physiological substance in the ovary.
A number of patients suffering from menopausal symptoms (natural and post-operative) were treated by me with corpus luteum extract supplied by Messrs. Parke, Davis and Co., and it was found of benefit in those suffering from surgical menopausal symptoms. In cases of natural menopause thyroid extract seemed to have better therapeutic effects.
A series of experiments upon calcium mnetabolism are in process, and Corpora lutea in grafted ovary, showing hyaline degeneration of lutein cells and leucocyte infiltration at periphery. The interstitial cells were normal. To left is a portion of uterus; no atrophy is present. Experiment 1, Series V. (x 6.) it has been found on completion of one experiment upon a female dog that the results were contrary to what was anticipated. The animal was put on a known calcium diet and kept in a metabolism cage for six days. Daily collections were made of the urine and fieces, and the nitrogen and calcium were estimated. The animal was castrated and after some weeks was put up in the cage under the same conditions as before operation. The calcium output was not diminished, and on the administration of corpus luteum extract (Parke, Davis and Co.) there was diminution in the amount of calcium excreted. These results agree with those of McCrudden, and although no conclusions can be drawn from one single experiment, there is a certain amount of justification for the statement that the ovaries may nqc play such an important part in the calcium rnetabolism as is supposed by those who advocate oophorectomy for the treatment of osteomalacia, but that other factors have to be taken into consideration, mnore especially those concerned with the metabolism of the thyroid and parathyroid glands. And it may be just possible that the ovary-or gonads in general-is a link in the chain of metabolic processes which take place, and which owe their origin and regulation to the ductless glands as a whole. The r'emoval of one set of organs may not have a direct influence upon metabolism, but may upset the normal physiological equilibrium of the remainder, just as in pathological conditions of these organs a train of symptoms follow which can be traced to the overthrow of balance or equilibrium in the organism.
CONCLUSIONS FROM EXPERIMENTS.
(1) The ovary controls the nutrition of the uterus and other reproductive organs, since removal of both ovaries causes atrophy of the muscular and glandular elements of the uterus, &c., the degree of atrophy being in direct proportion to the length of time which has elapsed since the operation. There is also a diminution in the uterine blood-vessels, and a tendency to atheroma-a condition very closely allied to fibrosis of the uterus in the human subject. Menstruation and cestrus do not occur after complete removal of both ovaries. In young animals after oophorectomy the infantile type is maintained.
(2) Removal of the uterus, or retention of uterine secretion, does not affect the functional development of the ovaries, seeing that the elements of the ovary are well preserved after hysterectomy and ligation of the uterine horns. Retained uterine fluid does not counteract the atrophy of the uterus which takes place after removal of both ovaries. There is thinning out of the uterine wall at the point of greatest distension, and no compensatory hypertrophy has been observed.
(3) Removal of one ovary causes compensatory hypertrophy of the other in the ancestrous state.
(4) That the interstitial cells perform the chief role in the maintenance of the nutrition of the uterus is evidenced by (a) the survival of these cells in grafted ovaries, (b) the follicles becoming absorbed or cystic, and (c) the fact that no atrophy of the uterus occurs when these cells are present. The interstitial cells become functionally active during pro-oestrum, as shown by their being enlarged and their cytoplasm becoming infiltrated with a lipoid substance (in female dog). That the corpus luteum is the part of the ovary which exerts the most active influence upon the body as a whole is shown by the fact that corpus luteum extract when injected causes rise of the general blood-pressure.
(5) From the result of one experiment it was found that the ovaries do not play such an important part in the elimination of calcium as is supposed, since after castration the calcium output was increased, whereas it was diminished as the result of administration of corpus luteum extract.
(6) Removal of the ovaries in rabbits causes an increased deposit of fat in the tissues of the body.
Dr. GRIFFITH remarked on the great interest of the very numerous points which were crowded into the paper, and hoped that at the discussion which was to take place next winter a selection of some of the more important points would be especially brought forward. He wished to lay stress on the absolute necessity of endeavouring, as far as possible, to distinguish between uterine heemorrhage and the complex process of menstruation. With regard to the question as to the nutrition of patients suffering from retention of menses, he would refer to the first and the last cases he had had under his own care. The first was a healthy, well-built nurse in one of the asylums, where the tumour was so considerable that she was sent to him by her mr,atron to see if she were pregnant. The last he had operated on that morning, a young girl aged 16, one of the poor girls of London, whose nutrition was up to the average, but in whom the breasts presented signs of quite considerable activity, but without secretion.
